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II   Brief  Histor^^  of  ilensico  Dam  and  Reservoir. 
A.   The  Kensico  Reservoir. 

The  Kensico  Reservoir  is  an  in:portant 
feature  of  the  Catskill  Aqueduct  project.   It 
is  located  in  the  upper  valley  of  the  .Brorix 
River  in  iVestchestsr  County,  ITew  York,  aoout 
3  mi.  north  of  .Vhite  Plains  and  iorn:is  a  storage 
reservoir  comparatively  near  the  city  for  the 
Catskill  v/ater  collected  in  the  impounding 
reservoirs  of  which  the  Ashokan  was  the  first 
to  be  constructed.  It  is  the  main  distributing 
center  for  the  500  million  gallon  per  day 
water  supply  for  the  city  of  Kev;  York. 

about  15  miles  beyond  IJew  York  City's 
northerly  boundary  was  L^i-ce  Kensico,  a  small 
reservoir  developed  about  30  years  ago  as  a 
part  of  the  v.'.i.ter  supply  of  the  Borough  pf  the 
Bronx.   This  reservoir  lay  in  the  bottom  of  a 
large  basin  which. -is  the  only  available  site 
near  the  citv  for  a  p'reat  storage  and  dis- 
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tribution  reservoir  along  the  Gatskill  aque- 
duct. Here  a  capacity  of  apMroxiinately  40 
billion  gallons  is  utilized  by  the  construction 
of  the  Kensico  Masonry  Dam.   Kensico  reservoir 
is  sufficient  to  sup>)ly  the  city  for  several 
weeks  without  receiving  water  from  Gatskill 
impounding  reservoirs,  thus  permitting  the 
portion  of  the  aqueduct  to  the  north,  (between 
Ashokan  and  Kensico)  to  oe  cleaned  or  repaired. 
In  the  future  it  will  also  become  the  center 
from  which  other  main  delivery  conduits  v;ill 
radiate  into  the  metropolitan  district.   The 
storage  behind  the  Kensico  dam  covers  2218  acres 
at  elev.  355  above  mean  sea  level,  with  a  maximum 
depth  of  155  ft.  and  an  average  depth  of  53  ft. 

The  Gatskill  Aqueduct  v;ith  a  iiiaximiim 
daily  capacity  of  500  million  gal.  discharges 
into  the  upper  end  of  Kensico  Reservoir  4  mi, 
north  of  the  dam  over  a  weir  216  ft.  long  in 
the  side  of  the  aqueduct. 
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The  hydraulic  grade  line  of  the  aqueduct 
at  this  point  is  the  same  elevation  as  the 
normal  surface  of  the  full  reservoir.  The 
v/ater  after  circulating  through  the  reservoir 
is  drawn  through  a  short  tunnel  on  the  v;est 
side  of  the  reservoir  ahout  a  mile  north  of 
Kensico  dam.   Large  gate  chambers  at  both 
ends  of  this  tunnel  control  the  flow  of  vjciter 
into  the  aqueduct.   A  reinforced  concrete 
aqueduct  connects  the  influent  works  with  the 
upper  effluent  chamber  so  that  the  reservoir 
ma.y   be  by-passed  and  vmter  sent  directly  to 
the  city  if  desirable.   It  is  expected  to 
maintain  Kensico  Reservoir  full,  drawing  upon 
it  only  in  emergency.  The  Kensico  effluent 
works  include  an  aeration  basin,  screen 
chamber  and  a  reinforced  concrete  Venturi  meter. 

The  by-pass  aqueduct  connecting  the 
influent  and  effluent  chambers  is  built  along 
the  Y/est  side  of  the  reservoir  and  is  a  circular 
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reinforced  concrete  structure  11  feet  in 
diameter.  The  reinforcing  rods  are  1  1/8  " 
square  twisted  steel  bars  arranged  in  double 
rings  spaced  18"  apart  longitudinally.  The 
construction  of  the  reinforced  aqueduct  was 
required  to  be  monolithic.  It  was  built  in 
sections  about  45  feet  long. 

The  upper  effluent  gate  chamber 
through  ^.vhich  the  water  is  drawn  from  the 
Kensico  Reservoir  to  the  city  is  52  feet 
square  with  the  gate  sills  at  Elevation  291,3. 
The  water  is  controlled  by  a  double  set  of 
four  5  feet  by  8  feet  sluice  gates  and  the 
by-pass  aqueduct  connects  with  this  gate 
chamber.   After  leaving  this  chamber  the  water 
passes  through  a  tunnel  16QC  ft.  long  to  the 
lower  gate  chamber.   This  is  83  ft.  by  100  ft, 
with  floor  level  at  Elev.  295.32.  This  chamber 
controls  the  water,  delivering  it  directly  to 
the  aeration  basin  or  to  the  turbine  wells  in 
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which  power  may  be  developed  by  using  the 
available  head  when  the  aerator  is  not  in  use. 

The  Kensico  aerator  is  a  long  concrete 
basin  460  ft.  long  and  240  ft.  wide  with  six 
lines  of  reinforced  concrete  supply  pipes  dis- 
charging through  1750  nozzles  arranged  in  rows 
and  groups  which  with  different  sizes  and  shapes 
of  jets  make  a  wonderful  fountain.   The  nozzles 
are  designed  with  spiral  veins,  which  cause  the 
water  to  break  into  a  fine  spray  aiding  in  the 
oxidizing  effect  of  the  air  b^'  exposing  the 
drops  for  several  seconds  thus  retiioving  ijiany  of 
the  causes  of  disagreeable  tastes  and  odors. 
The  aerator  when  operating  absorbs  about  25  ft. 
of  available  head.   As  the  aerator  passes  the 
entire  flow  of  the  aqueduct  it  is  believed  to  be 
the  largest  fountain  in  the  v;orld.   The  vjater 
after  falling  on  the  floor  flows  through  a  slot 
into  a  collective  conduit  beneath  the  floor,  which 
conducts  it  back  to  the  aqueduct. 
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B.   The  Present  Kensico  Dam. 

Kensico  Dciui  is  1830  ft.  long  on  top 
and  its  maximum  height  is  307  ft,  above  the 
deepest  part  of  the  excavation.   The  top  of 
the  dam  is  170  ft.  above  the  old  stream  bed 
but  only  130  ft.  above  the  surface  to  which 
the  earth  is  ^^raded.   It  is  15  ft.  above  water 
level  v/hen  the  reservoir  is  Just  full.   The 
dam's  minimum  thickness  is  about  ^^3  ft.  and 
itfe  maximum  thickness  at  the  bottom  about 
230  ft.  Of  the  masonry  the  great  balk  is 
cycopean  v;ith  concrete  mixed  approximately 
1:3:6  using  local  sand  and  gneissoid  granite. 
Owing  to  its  very  conspicuous  location  the 
dam  received  architectural  treatment  '.vhich 
while  simple  and  dignified  is  conmensurate 
with  the  magnitude  and  importance  of  the 
structure, 

laice  Kensico  h-d  a  maximum  depth 
just  back  of  the  old  dam  of  45  ft.,  the  new 


10  - 


dam  will  raise  the  water  level  110  ft,  or 
to  elevation  355  above  tide.  The  new  reservoir 
will  have  a  v/ater  surface  of  5.75  so^.mi., 
and  a  very  irregular  shore  line  about  40  mi. 
long.  New  York  City  acquired  4481  acres 
altogether  so  that  there  is  a  park  fringe 
of  no  mean  proportions  surrounding  the  new 
reservoir  and  a  very  large  island  within  it. 
The  flooding  of  the  valley  has  necessitated 
the  building  of  8.5  ai .  of  first  class 
highways  and  the  conotruction  of  3  rein- 
forced concrete  bridges.   Two  are  girders, 
Bear  Gutter  bridge  having  three  38.5  ft. 
spans,  and  Cranberry  Brooi:  bridge  with  five 
exactly  similar  spans.  '  Rye  bridge  has  5 
segmental  arches  of  about  135  ft.  span. 
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C.   The  Geology  of  the  Site. 

At  Kensico  dam  site  the  rock  forma- 
tions are  quite  similar  to  those  at  New  Croton 
dam.   The  axis  of  the  dam  lies  approximately 
east  and  west  (372^  02  E)  with  the  downstream 
face  southerly.   On  the  easterly  side  of  the 
valley  a  sound  gneissoid  granite  merging 
into  gneiss  is  found;  on  the  westerly  side 
the  rock  is  a  reasonably  good  schist;  be- 
tween these  two  lies  a  bed  of  Imvood  lime- 
stone, some  pc^rts  of  v/hich  are  almost  a  marble. 
ii.long  the  axis  of  the  dam  the  limestone 
occupies  a  distance  of  600  ft. 

The  side  hills  of  the  Bronx  valley 
at  the  site  of  the  dam  rise  about  180  ft. 
above  the  floor  of  the  valley,  the  lowest 
point  of  which  is  at  31ev.  200  above  sea 
level.   The  ej.st  hill  is  of  Fordham  gneiss 
and  the  v;est  hill  of  Ivlanhattan  schist  with 
very  light  cover  of  soil.   Between  these 
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two  formations  is  a,  stratum  of  Inwood  lime- 
stone about  4GC  ft.  thick,  aeologicilly  the 
valley  is  an  eroded  limb  of  j.  simple  fold 
with  a  strike  nearly  north  and  south  or  at 
right  angles  to  the  line  of  the  dam  and  an 
average  dip  to  the  west  of  55*^.   The  floor 
of  the  valley  at  the  dam  site  is  about  9C0  ft, 
V7ide  with  10  -  30  ft.  of  modified  drift  over- 
lying the  bed  rock.   Some  of  the  material  is 
very  fine,  analyses  showing  that  9^%   v«ill  pass 
a  -/^5C  sieve.   The  core  bearings  of  the  pre- 
liminary survey  revealed  a  pre-glacial  gorge 
in  the  vicinity  of  the  contact  between  gneiss 
and  the  limestone  about  50  ft.  wide  at  the 
top  and  about  120  ft.  deep  below  the  floor 
of  the  valley.   At  the  depth  of  30  ft.  and 
again  near  the  surf-ce  of  the  disintegrated 
rock  at  the  bottoru  of  the  gorge  layers  of 
coarse  sand  and  gravel  Aore  found. 
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III   Proposed  Reinforced  Concrete  Dam. 

This  Thesis  consists  of  the   design 
of  a  Dam  which  so  differs  from  other  Dams, 

that  I  have  not  been  able  to  find  anything 
in  any  engineering  literature  pertaining  to 
one  of  such  design.   The  one  great  advantage 
which  this  Dan  has  over  hollo^v  reinforced 
concrete  da^s  is,  in  u-y  mind,  the  narrowing 
of  the  width  of  the  base  of  the  dam,  and  the 
decrease  of  the  angle  of  slope  of  the  ';;ater 
face  slab  with  the  vertical.   In  a  hollow 
reiiiforced  concrete  dam,  Ambursen  type,  the 
upstream  deck  makes  with  the  vertical  an 
angle  of  48  degrees,  because  it  is  practically 
the  angle  at  which  the  friction  produced  by  the 
weight  of  vtater  on  the  deck  of  the  Dam,  plus 
the  v/eight  of  the   structiare  itself  is  approx- 
imately equal  to  the  thrust  of  the  v;ater  tending 
to  push  the  dam  downstream. 

In  my  design  by  filling  the  cells  with 
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sand  allov/s  the  cutting  in  of  the  width  of 
the  base  and  yet  keep  the  resultant  pressure 
within  the  middle  third.   In  connection  v;ith 
solid  masonry  dams,  I  believe  that  one  of  my 
type  would  be  cheaper  and  one  of  much  quicker 
construction,  v/hich  is  a  vital  thing  in  the 
construction  oi  dams. 

My  design  consists  of  a  cellular 
reinforced  concrete  dam  with  the  cells  filled 
up  with  sand.   I  have  chosen  the  Kensico  Dam 
because  it  suits  my  purpose  best.   I  have 
cut  in  on  the  width  of  the  base  of  the  original 
dam,  ma.iing  it  220  feet,  aiid  hs:;-ve  made  the 
slopes  of  the  upstream  and  dovvTistream  decks 
of  the  same  slope,  ni.;.,ely  1  ft.  vertical  on 
.38  ft.  horizontal.   The  top  of  tne  dam  is  3C  ft. 
wide  on  which  is  a  28  ft.  roadway  for  highway 
traffic,   The  drainage  of  the  roadway  is  provided 
for  by  making  8  in,  pipe  drains  every  200  ft.  of 
the  dam,  extending  the  pipes  down  through  the  dam 
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near  the  downstream  slab  and  then  out  under 
the  terrace  and  thence  to  the  waste  channel. 
The  buttresses  are  20  ft,  c.  to  c. 
and  vary  in  thickness  from  16  in.  to  8-g-  ft. 
The  upstream  face  slab  varies  froci  3  in.  to 
9  ft. 8  in.,  this  oein;^  due  to  the  v.ater 
pressure.   The  inside  sand  pressure  on  the 
upstream  slab  is  less  than  the  Writer  pressure, 
therefore,  it  does  not  affect  its  design.  The 
back  slab  is  of  uniform  thickness,  13  in. 
because  by  making  horizontal  intermediate  slabs 
15-|^  in.  thick,  every  20  ft.  causes  a  constant 
head  of  sand  on  the  face  slabs.   I  have  placed 
partitions  or  cell  walls  at  such  distances  which 
do  not  malce  the  cells  too  lar^^e.   This  can  best 
be  seen  by  referring  to  the  dravv'ing. 

The  main  support  of  the  Dam  are  the 
buttresses.   The  roadway  slab  rests  on  beams 
3  ft.  c.  to  c.  which  in  turn  rest  oxi  the  buttresses. 
Due  to  the  location  of  the  dam  it  .vill  receive 
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architectural  treatment  o'j   facing  the  downstream 
slab  with  granite  blocizs. 

Expansion  joints  are  made  every  60  ft. 
at  one  of  the  buttresses.   The  joint  is  siir.ply 
a  section  of  some  special  iron  which  resists 
corrosion.   One-half  of  it  is  embedded  in  the 
concrete  of  one  of  the  abutting  sections.   The 
concrete  is  allov;ed  to  harden  with  one  ed^e  of 
the  metal  projecting  beyond  it.   The  edge  of  the 
concrete  afid  the  projecting  metal  are  heavily 
painted  with  asphalt,  then  the  other,  adjacent 
section  of  concrete  is  cast.   7/hen  finished, 
the  metal  icey  is  firi::ly  gripped  uy  one  section 
and  is  free  to  slide  in  and  out  of  t^ie  other. 
This  is  a  si:rple  and  thoroughly  satisfactory 
joint . 
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IV  Design. 

A.   Allo^A'ed  Stresses  and  Conditions  of  Design. 
The  dan  'vvas  designed  for  the  v;orst 
conditions,  namely,  10  ft.  of  Vvater  over  the 
waste  weir  which  is  in  another  part  of  the 
reservoir.   This  maiCes  a  total  head  for  design 
of  245  ft.  Roadway  on  daui  was  designed  accord- 
ing to  specifications,  for  uniform  live  load 
of  14404-  pe^r  so.  ft. 

Unit  Stress  in  Concrete  =  5C0#/sq.in, 
"      "    "   Steel    =  16C00#/sq.in. 


S  3e 

=  ■ 

8   X  500 

=: 

0.0059. 

42  S. 

42   X  16000 

k  =   C.3191. 

j   =   0.675. 
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3.  Roadv/aj'  Slab  and  Beams. 
I.   Slab. 

Floor  slab  of  roadway  to  be  supported 
on  beams  spaced  3  ft.  c.  to  c.  through  the 
top  width  of  dam. 

Live  Load =  1440;^'/3q.f t . 

Dead  Load      (."/earing  Surface) —  =  SOj'/sq.f t . 

Dead  Lo-d   of   Slab 75,;7sq/ft. 

Total      \'i  —     15  65r//sq.ft. 

o 

vvl"      1565x3x3x12 
M  =  — pp_  =  -  5634  in.# 

2  M  5  634 

d  -     : - ^  5.6" 

p  fg  j  b        .006x16000x7/8x12 


d  =  2.4" 

For  Shear. 

Shear  —   40y/sq.in.  with  no  shear  reinforcing 

V   -  i  span  X  w  -  1.5x1565  =  2325// 

V  =  vjbd.    Therefore  d  =  , l^lL.     -  5.5" 

^  vjb  -  40x7/8x12  " 

allow  I-4-"  below  steel. 

Total  depth  of  Slab  to  use  -   7  in. 
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For  Shear   A   =  p  b  d  -  ,504  sq.in./ft. 

Use  3  —  5/S"  o  rods/ft.  of  length  of  roadv/ay. 

For  temperature  stresses  use  ^Ji>   of  gross  area 

of  concrete. 

A   ~   .005  X  1:3  X  7   -   .420  sq.in. 

Use  for  temperature  1  —  -I"  o  rod/ft.  of 

width  of  roadway. 

II  Beams . 

Each  Beam  supports  3  ft.  width  of 

slab.   Beams  are  supported  every  20  ft.,  rest- 
ing on  top  of  the  buttresses  which  are  20  ft. 
c.  to  c, 

w  (exclusive  of  ';.t.  of  beam) =  1565/r/sq.f t, 

w   (v;t.  of  beam  per  ft.) =  160;i-'-   » 


Total  w z     1725,t/s4.ft 

Beam  designed  using  no  vertical 

reinforcing,  the  unit  shear  v.as  found  to 

exceed  40:y=/sq,in, 

Use  V  -  120#/sq.in. 

b  d  -   V/120  -   -^^^^  '^  ^^        -     144  sq.in. 

120 
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Beams   come   out   to   be   10"    x  16" 

A<3     =     p  b   d     -      .005  X  10  X  16     =     .960  sq.in. 

Use   3  rows  —  5/S"    o   rods  —  5"    G.-G.(rows   2"    c.-c.) 

u  (bond  stress)   -  V/*o   j    d  -     ^^^2^0 

~  -        -     4x1.96x7/8x16 

u     -     157-5-ysq,in, 

Bond  stress  is  high  but  will  provide  hooks. 

Vertical  Reinforcing. 

i   (diam.  of  rod)  =  2.4  x  u/fg  x  d  =  .377" 

Use  5/8"  o  rods. 

Vert.  Reinforcing  extends  beyond  center  of 

si^pDort  X  =  -^     ^  '"  J  ^ 


20 
X  =  — 


20      40  X  12  X  7/8  x  16     :.  .^p-  ^  + 

Q —   —   — ^ L ~  O  »  t~jD     I  \j  » 


2  1725 

Minimum  Spacing  at  suppoi't. 

3  Ag  ^s  J  ^  _  ^  ^  ''^^^  ^   16000  X  14  -  7.5" 

^  ~     2~V  ~      2  X  17250 

Note  -  *  stands  for  Summation. 
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C.   Intermediate  Horizontal  Slab. 

All  of  these  slabs  have  san-.e  thiciiness. 
Slabs  supported  every  2C  ft.  by  the  buttresses. 
They  support  20  ft.  of  sand  (  weighs  lOOvf/cu.f  t. ) 
w  (due  to  sand)  =  20  x  ICO  =  2Q0Qlf/tt. 
w  (dead  wt.)    -   -__  x  144  -  195,t/ft. 


Total  w     -  2195#/ft.  of  v;idth 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  v;as  found  to  exceed  40#/sq,in, 

Use  v  =  120,7/sq.in. 

.    „/,      2195  X  10 

t  =  V/.v  =  'j^^j^^—       =  15.5"  3l.b. 

Ag  =  p  b  d  =  .006  X  12  X  15.5  =  1.116  sq.in. 

Use  15/16"  0  rods  6''  c.  to  c, 

u  =  V/*oid  -    ^^'^^0  _     Qiq..v/^„  i» 

'      '^     -   7.07  X  7/8  X  15i  -  -^^'/-/-^•in. 

Vert,  reinforcing. 

2,4  X  219  X  15.5 
i  (diam)  =  2.4  x  u/f  x  d  = 

'  16000 

i  =  .511" 

Use  9/16"  o  rods. 


stirrups  unnecessary  at  a  distance  from  center 
of  supports  — 

X  -       ^Q   -  40  X  7/8  X  13  X  15^      _  7^q  ^^^ 
^  2195 

Minimum  spacing  at  supports, 

S  -   3  X  2  X  .2485  x  16000  x  7/S  x  15.5  _  7.. 
2  X  21950 
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D,   Back  Slab  Face, 

Design  of  first  3C  ft.  of  back  slab  for 
inside  sand  pressure. 

Assume  that  buttresses  take  some 
of  the  bending  but  will  be  plenty  strong,  enough. 
Sand  weighs  lOOvf/cu.ft, 
20  ft,  of  sand  in  upper  bin. 

There  is  a  negative  moment  (M)  at  the  corners 
due  to  sand  pressure  - 

M  =  -  1/12  p  (b^  -  b  1  /  1^^) 
where  b  z:  20  ft.      1  =  46  ft. 
The  (  /  M  )  at  the  middle  of  20  ft,  span  of  slab, 

M  =  1/24  p  (  b^  /  2  b  1  -  1^  ) 
Ref,   Ketchen's  -  .Vails,  Bins  &  Grain  Elevators 
p  =  100  X  20  3  20G0i'r/sq,f t.  ,  unit  pressure  at 
bottom  of  slab  at  20  ft.  depth, 
M  ==  1/24  X  2000  X  12  (  20^  /  2  x  46  x  20  -  46^  ) 

M  =  124000  in.# 

o         2 

M  =  p  f 3  j  b  d"^        d  =  M/1008  =  122" 

d  =  11.0  in. 
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The  dead  pressure  of  the  slab  increases  the 

thiclmess  by  2" . 

Wt.  per  ft.  concrete  -  13  x  144  /  12  =  156#. 

Total  p  -   2156v;^/ft. 

M  =  1/24  X  2156  X  12  (  20^/  2  x  46  x  20  -  46^) 

M  :i  134CC0  in.;)^. 

,2       M 

^  "^  — ? T~h     -   135.0"    d  =  11.60  /  1.25  =  13" 

Ag  =  p  b  d  r  .006  x  12  x  13  z  ,830  sq.in. 
Use  -2"  o  rods  5"  c.  to  c. 

There  being  the  same  head  of  sand 
in  each  bin  the  pressure  due  to  sand  will  be 
the  same  and  the  slab  for  sand  -jvill  require  the 
same  thickness  all  the  'na.y   down,  therefore,  m.i.ke 
back  slab  13"  through  height  of  dam. 

The  negative  bending  moment  will  be 
taken  care  of  by  tying  in  the  cells  with  the 
reinforcing  steel. 
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E.  Front  ^Vater  Face  Slab. 

First  20  ft.  of  slab. 

xit  the  bottom  of  the  first  2C  ft.  there  is 

15  ft.  head  of  water. 

Water  pressure  on  bottom  =  62.5  x  15  i:  940#/ft. 

Assume  a  10"  slab.    w  =  10x144/12  -  120,17ft. 

Total  w       =,  l060,;/it. 

Slab  designed  using  no  vertical  reinforcing, 

the  unit  shear  v,cis  found  to  exceed  40;r/sG^.in. 

Use  V  =  l20#/sq.in. 

d  =  y/b  V  =  10600/1440  =  S"  slab. 

Ag  =  .006  X  12  X  8  =  .576  sq.in. 

Use  3  -  9/16"  o  rods  /ft.,  3"  c.  to  c. 

Vertical  reinforcement  only  necessary  (  from 

support  )  X  =  1^'  -  -^^'^  =  7  ft. 

1120 

11200  ^..-/ 

u  = „    :;  SCOjjysq.in, 

3x1.77x7/8x8 

i  =  2.4  x  300  x  8  /  16000  =  .36"   Use  3/8"  o  rods. 

^  ,  .    ,s      3x2x.11x160L;0x7    ... 
3  (at  end;  =  —  4'' 

2  X  112C0 


^     Of,     ^ 


Second  20  ft.  of  Slab. 

Head  of  water  at  bottom  of  40  ft.  =:  35  ft 
Water  pressure  =  62.5  x  35  =  2190//^/ft. 
Assume  a  16.5"  slab,   w  =  195:v/ft. 

Total  w  -  2365;y/ft. 

Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  was  found  to  exceed  40;j-/sq.in, 
Use  V  =  1207)730, in, 

d  =  V/b  V  -  23850/1440  =  16.5" slab. 
A3  =  .006  X  12  X  16.5  =  1.19  S4.in. 
Use  4  -  5/8"  0  rods  in  two  rov^s.    At  supports 

bend  up  the  upper  row. 

23850  oT.-/ 

u 21l77-/sq.in. 

4x1. 9 6x7/6x1 6. 5 

i  =  2.4  X  211  X  16.5  /  16000.  Use  1/2"  0  rods. 

X  =  10  -  jO  X  12  X  7/8  X  16.5   s  ^   .^.^ 

2385 

3  X  2  X  .307  X  16C00  x  7/S  x  16.5 

S  (st  end)  =  — 

2  X  23850 

S  =  9  in. 
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Third  20  ft.  of  slab. 

Head  of  water  at  bottom  of  60  ft.  -  55  ft 
Water  press^ire  -   62,5  x  55  =  3440,, /ft. 
Assume  26"  slab.   w  =  290#/ft. 

Total   w  -  3730v;V^ft. 
Slab  designed  using  no  vertical  reinforoing, 
the  unit  shear  was  found  to  exceed  40#/sq.in. 
Use  V  =  120#/sq.in, 
d  =  V/b  V  =  37300/1440  =  26"  slab. 
Ag   =  .006  X  12  X  26   =1.88  sq.in. 
Use  4  -  13/15"  o  rods  6"  c.  to  c.  in  tv;o  rows. 

Upper  two  rows  bent  up  at  support. 

37300  ^  ^^  . 

u  = =  1627r/sq.in. 

4  X  2.55x7/8x26 
i  =  2.4  X  162  X  26/16000  =  .64  Use  5/8"  o  rods. 

X  =  10  -  -i2_2_13_x_7/8_x_26 _  ^  ^^^ 

3730 
^      3  X  2  X  .307  X  16000  x  7/8  x  26 

2  x  373C0 
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Fourth  20  ft.  of  slab. 

Head  of  water  at  bottom  of  6C  ft.  —   75  ft. 
Water  pressure  =  52.5  x  75  —  46S0,v-/ft. 
Assume  36"  slab.  w  -  420,,//ft. 

Total  w  n  5100;>/ft. 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  was  found  to  exceed  40///sq.in. 
Use  V  =  120,:/sq,in, 

d  -  V/  b  V  -   51000/1440  =  35. 5 "slab. 
A  =  .006  X  12  X  35.5  -  2.66  sq.in. 
Use  5  -  3/4"  0  rods  space  6"  c.  to  c. 
Bend  upper  t"i.7o  rods  up  at  support. 
Run  lower  two  rods  through  buttresses. 

51000  mo-'/ 

U     = 112y7/sq.in, 

6  X  2.36  X  7/8  x  35.5 

i  =  2.4  X  112  X  35.5/16000  z:  .62"  Use  11/16"  rods. 

,^    40  X  12  X  7/8  X  35.5       .  ^  ... 
X  =  10  - 1 =  D.5  It. 

51C0 

3  X  2  X  .371  X  16C00  x  7/8  x  35.5  _  .^  . 
3  —  Z  10  m. 

2  x  51000 
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Fifth  20  ft.  of  slab. 

Head  of  water  at  bottoai  of  IGO  ft.=:95ft, 

Water  pressure  =  52.5  x  75  =  5940#/ft. 

Assume  45"  slab.       w   _  5507>7f t. 

Total  w  =  6470#/ft. 

Slab  designed  using  no  vertical  reinforcing, 

the  unit  shear  was  found  to  exceed  40iiV's^.in. 

Use  V  =  1207r/sQ,in. 

d  =  V/  b  V  =  64700/1440  -  45"  slab. 

As  =  .006  X  12  X  45  =  3.24  sq.in. 
Use  6  -  7/3"  0  rods  6"  c.  to  c. 
Bend  up  top  tv/o  at  supports. 
Run  lower  two  rods  through  buttresses. 

1-1  64700  T  /^'^  "  / 

u  _ )^Z1^1- -   101;//sq,in. 

6  X  2.75  X  7/8  x  45 

i  =  2.4  X  101  X  45/16000  =  .675"   Use  11/16''  rods. 

X  =  10  -   40  X  12  X  7/8  X  45     _  7  ft. 

6470 
3  =   5  X  2  X  .571  X  16CC0  x  7/S  x  45  _  11'' 
2  X  64700 
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Sixth  3C  ft.  of  slab. 

Head  of  water  at  bottom  of  120  ft.  -  115  ft, 

Water  pressure  =:  62.5  x  115  =  7200y/ft. 

Assume  55"  slab.        w   =  660vy-?ft. 

Total  w   =  7&607fe/ft. 

Slab  designed  using  no  vertical  reinforcing, 

the  unit  shear  was  found  to  exceed  40#/sq.in, 

Use  V  =  120#/sq.in. 

d  =  V/b  V  =  78600/1440  -  55"  slab. 

Ag  =   .006  X  12  X  55  =  3.96  sq.in./  ft. 

Use  6  -  15/16"  o  rods   6"  c.  to  c. 

Bend  up  top  two  at  supports. 

Run  lower  two  rods  through  buttresses. 

78600 

u  3  ; -     92.5.i/sq.in. 

6  X  2.95  X  7/8  X  55 

i  =  2,4  X  92.5  X  55/16000  =  .76"   Use  f"  o  rods. 

X  =  10  -  .^I2_f-±2_x_7/8_x_55_  _  ^  ^,^^ 

7860 
c;      3  X  2  X  ,601  x  16000  x  7/8  x  55  _  , 

2  X  78600 
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Seventh  20  ft.  of  slab. 

Head  of  water  at  bottom  of  140  ft.  -  135  ft. 
Water  pressure  =  62.5  x  135  =  8450#/ft. 
Assume  65"  slab.        w   -  780#/ft. 

Total  w   -  9230#/ft. 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  v;as  found  to  exceed  407//sq.in. 
Use  V  -  120#/sq,in. 

d  =  V/  b  V  -  92300/1440  =  65"  slab. 
A  =  .006  X  12  X  65  r:  4.63  sq.in. 

Use  6  -  1"  o  rods.   6"  c.  to  c. 

Bend  up  top  two  at  supports. 

Run  lower  two  rods  through  buttresses. 

92300  *_  „„,,/ 

u  =  -  87^ysq.in» 

6  X  3,142  X  7/8  x  65 
i  =  2,4  X  87  X  65  /  16000  =  ,85"   Use  7/8"  o  rods. 

X  =  10  -   40  X  12  X  7/8  X  6S ^  ^  ^^_ 

9230 

3  X  2  X  .601  X  16000  x  7/8  x  65  _  ,o  • 
g  _  . _  18  in, 

2  X  92300 
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Eighth  20  It.  of  slab. 

Head  of  water  at  bottom  of  160  gt.  -   155  ft. 
Water  pressure  =  62.5  x  155  =  9680//^/ft. 
Assume  75"  slab.        w   =  900?//ft. 

Total  w   -  10580,f/ft. 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  was  found  to  exceed  40-///sq.in. 
Use  V  =  120#/sq.in, 

d  =  V/  b  V  =  105800/1440  =  74"  slab. 
Ag  =  .006  X  12  X  75   =  5.33  sq.in. 
Use  8  -  15/16"  o  rods.  6"  c.  to  c.  in  4  rows. 
Bend  up  top  two  rows  at  supports. 
Run  lower  row  tliroagh  buttresses. 

105800 

u  = ; —   69/r/sq,in. 

8  X  2.95  X  7/8  X  74 

i  -   2.4  X  69  X  74/16000  =  .77  in.  Use  13/16"  o  rods. 

40  X  12  X  7/8  X  SS  74 
X  =  10  - 1 -  7  ft. 

10580 

3  X  3  X  .518  X  16000  x  7/8  x  74  -  15  in. 

2  X  105800 
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Ninth  20  ft.  of  slab. 

Head  of  water  at  bottom  of  180  ft,=  175  ft. 
Water  pressure  =  62,5  x  175  r  lC95C#/ft, 
Assume  85"  slab.        w  -     1020/f/ft. 

Total   w  -   ll970#/ft. 
Slab  designed  using  no  vertical  reiriforcing, 
the  unit  shear  was  found  to  exceed  4077-/sq,in, 
Use  V  =  120y//sq,in. 
d  =  V/b  V  =  119700/1440  =  84"  slab. 
A3  =  .006  X  12  X  84  =  6,05  sq.in./ft. 
Use  8-1"  o  rods  6"  c,  to  c,  in  4  rows. 
Bend  up  top  tv;o  rows  at  supports. 
Run  lower  rov.'  through  buttresses. 
1197C0 


u  — 


XSXK  65,y'7sq,in, 


8  X  3.142  X  7/8  X  84 
i  =  2.4  X  65  X  84  /  16000  =  .82"   Use  7/8"  0  rods 
X  =  7  ft,  out  from  support. 

3  X  2  X  ,601  X  16000  x  7/3  x  84  _ 
2  X  119700 


3  -  ■----»—  -  — /-   --  -  17.. 
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Tenth  20  ft.  of  slab. 

Head  of  water  at  bottom  of  200  ft,  -  195  ft. 

Water  pressure  =  62.5  x  195  =  12200;//y/ft, 

Assume  94"  slab.        w   Z  1150.T/f t. 

Total  w   -  l3330#/ft. 

Slab  designed  using  no  vertical  reinforcing, 

the  unit  shear  v:as  found  to  exceed  40;^-/sq.in. 

Use  V  =  120#/sq.in. 

d  =  V/b  V  =  1333C0/1440  -   93"  slab. 

A  =  .006  X  12  X  93  =  6.70  sq.  in./  ft. 

Use  9-1"  0  rods  8  of  them  6"  c.  to  c. 

Bend  up  top  two  rows  at  sup..;orts. 

Run  lower  rovif  through  buttresses. 

u  =        ^-^^^QQ -   59^/sq.in. 

9  X  3.14  X  7/8  X  93 

i  =  2.4  X  59  X  93  /  16000  r  .82"  Use  7/S"  o  rods. 

X  =  7  ft.  out  from  supports  on  each  side. 
3  X  2  X  .501  X  16CC0  x  7/8  x  93 


=  17' 


2  X  133500 
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Eleventh  30  ft.  of  slab. . 

Head  of  -cVater  at  bottom  of  320  ft.z:  215  ft, 
Ti/ater  pressure  -  62.5  x  215  =13450iyft. 
Assume  103^'  slab.       w   =  1240?r/ft. 

Total  w   =:l4690j-/ft. 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  she^r  v/as  found  to  exceed  40;r/sq.in. 
Use  V  —  120ii/sq.in, 

d  =  V/  b  V  =  1469C0/144C  =  102"  slab. 
Use  8-1  1/3"  0  rods  6"  c.  to  c.  in  4  ro'»-s. 
Bend  up  top  two  rov;s  at  supports. 
Run  lower  rov/  through  buttresses. 

146900             -  ^ov/ 
u  = 58.//sq,in. 

8  X  3.53  X  7/S  X  102 
i  -   2.4  X  u  X  d  /  f^  =.88  in. 
Use  7/8"  0  rods  for  stirrups. 
X  =  7  ft,  on  each  side  of  support. 

3  X  2  X  .601  X  16000  x  7/6  x  102  _  -j^,^,, 
2  X  146900 
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Tv/elfth  15  it.  of  slab. 

Head  of  water  at  bottom  of  235  ft. =230  ft, 
Water  pressure  =  62.5  x  230  =  14400-^yft. 
Assume  112"  slab.       w   -     1350,y-/f t. 

Total   v;   =   15750,4'/ft. 
Slab  designed  using  no  vertical  reinforcing, 
the  unit  shear  was  found  to  exceed  40/^/sq,in, 
Use  V  -   1207//sq.in, 

d  =  V/b  V  =  157500  /  1440  =  110"  slab. 
A_  =  .006  X  12  X  110  -   7.94  sq.in./ft. 
Use  8  -  I4"  0  rods  6"  c.  to  c.  in  4  rovvs. 
Bend  up  top  two  rows  at  supports. 
Run  lov;er  row  through  buttresses. 


u  = 


157500         __  _  52,v:/sq.in. 


3  X  3.93  X  7/S  X  110 
i  =  2.4  X  52  X  110  /  16C00  =  ,36" 
Use  7/8"  o  rodS|  for  stirrups. 
X  r  7  ft.  on  each  side  of  support. 

3  X  2  X  .601  X  16000  x  7/8  x  110 
3  = i =  17" 

2  X  1575;^0 
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Thirteenth  15  ft.  of  slab. 

Head  of  Vvater  at  bottom  of  250  ft.  r:  £45  ft, 

V/ater  pressure  =  52.5  x  245  =  15300;//ft. 

Assume  118"  slab.       w   =:  1420^^7f t. 

Total  w   -  16720,r/ft. 

Slab  designed  using  no  vertical  reinforcing, 

the  unit  shear  7/as  found  to  exceed  40-i^/sq.in, 

Use  V  =  120;;ysq.in. 

d  =  V/b  V  =   167200  /  1440  =  117"  slab. 

A  -    .006  X  12  X  117  -  8.43  sq.in./ft. 
s  ^ 

Use  8  -  li"  0  rods  6"  c.  to  c.  in  4  rov;s . 
Bend  up  top  tv^o  ro'.vs  at  supports. 
Run  lower  row  through  buttresses. 

_  167200 -  56:^/sq.in. 

8  X  3.93  X  7/8  x  117 

i  =  2.4  X  56  X  117  /  16C00   =  .87" 

Use  7/8"  0  rods  for  stirrups. 

X  r:  7  ft.  on  each  side  of  support. 

3x2  X  .501  X  16000  x  7/8  x  117  _  17.' 


S  = 


X  1672^0 
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F  Cell  iValls  or  Partitions. 

partitions  to  be  placed  as  shown 
on  the  dr:~v.'ing. 

Ivlake  v/alls  nominal  thicl-cness  of  12  in., 
because  the  head  of  sand  on  etich  side  of 
them  is  the  saaie . 

The  steel  reinforcing  is  3/4"  o  rods  12"  c.  to  c, 
2"  frotii  each  face  throughout  the  height  of  the 
wall. 

The  bringing  of  the  steel  of  the  partitions 
through  the  buttresses  takes  care  of  the 
negative  bending  moment  at  ohe  corners  of  the 
cells,  due  to  the  sand  pressure. 
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G-  Buttresses. 

The  first  40  ft.,  to  the  top  of  the 

second  ir.side  horiaontdl  slabi 

Load; 

Roadway  slab  and  beams  -  1725;;-/ft.  width. 

1  panel  of  sand  8c   slab  =  2195   ''    " 

3920   "    " 

W/ft.  length  of  dam    =  3920  x  20=  78400/f. 

Assume  18"  butt.  40  ft.  len^-th  =   8640//'. 

Total  weight  carried  by  1st. 40ft. =  87040;;-. 
Compressive  strength  of  concrete  =:  500,//sq.in. 
Gross-section  area  of  outt.  =  87040/500  =  175  sc-.in. 
Thickness  of  slab  =  175/12  =  15"   Use  16"  slab. 
Thickness  at  bottom  of  40  ft.  due  to  water 
pressure  and  upstream  slab: 

W  =  2340  X  20  -  46800#   Less  than  above. 
For  shear:  t  =  23400/1440  =  15^" . 
Make  first  40  ft.  of  buttress  16"  thick. 
Front  slab  face  steel  to  be  brought  through  the 
buttress  to  the  other  end,  thus  tying  the  Cells  in. 
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The  second  40  ft.,  to  the  top  of  the  fourth 

inside  horizontal  slab. 

Load: 

Roadway  slab  and  beams  =  17267^/1 1,  v;idth. 

•  3  panels  of  sand  <k   slabs=6585   "     " 

8310   "     " 

?//ft.  length  of  dam  -  S310  x  ;30  =  166200,,  . 

Assume  32"  butt*  40  ft,  length   =  15400;^. 

Total  ;veight  carried  'oy   2nd. 40ft.-  181600,/. 
Area  of  buttress  =  1S16C0  /  SCO  =  354  sq.in. 
Thickness  of  slab  =  364  /  12  =  32" 
Thictcness  at  uottoui  of  80  ft.  due  to  w.j-ter 
pressuz'e  and  upstream  slab: 

W  =  5100  X  20  =  102000?/-  Less  than  above. 
For  shear:  t  =  51C00  /  1440  -   33". 
Ivlake  second  40  ft,  of  buttress  32"  thick. 
Refer  to  detail  drawing  for  position  and  size,  of 
reinforcinii  steel. 


-  42  - 


The  third  40  ft.  120  ft.  down. 
Load: 

Roadway  slab  and  beams  =  1725,v7ft.  v/idth. 

5  panels  of  sand  &  3labs=rl0975_J_   " 

12700  ■'     " 

W/ft.  length  of  dam  =  12700x20=  254000#. 

Assume  48"  butt.  40  ft.  length^  23000;)^. 

Total  weight  carried  by  3rd.40f t .=277000#, 
Thickness  of  slab  -   277000  /  6CC0  -  48" 
For  water  pressure  tnickness  is  O.K. 
Make  third  40  ft.  of  buttress  48"  thick, 
rlefer  to  detail  drawing. 
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The   fourth  40  ft.    160   ft.    dov;n. 

Loiid: 

Roadway   slab   and  beams     -     1725f//ft. 'width. 

7   panels   of   sand  &  slabs=:  15065;^   "  " 

I6790;ji   ^  " 

W/ft.  length  of  dam  -  16790x20  =  335800;/. 

Assume  64''  butt.  40  ft.  length  =  50800//'  ♦ 

Total  weight  carried  oj   4th,   =  366600/. 

Thickness  of  slab  =  366600  /  6000  =  64" 

For  v.'ater  pressure  thickness  is  Civ. 

Make  fourth  40  ft.  of  uut tress  54"  thick. 

Refer  to  detail  drj.v;ing. 
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The   fifth   40   ft.    2C0   ft.    down. 
Load: 

Roadway  slab  and  boarns     =     1725/r/f t.v;idth. 


n 


9  panels  of  sand  &  slabs-  19 600   " 

21535   "     " 

W/ft,  length  =  21525x20  =  430500^^, 

Assume  80"  butt,  of  40ft.-  584Q0,y. 

Total  vit,    carried  by  5th.=468900#,. 

Thickness  of  slab  =  468900  /  6GC0  -   80" 

For  water  pressure  thickness  is  O.K. 

Make  fifth  40  ft.  of  buttress  80"  thick. 

Refer  to  detail  drav/ing. 
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The  last  50  ft.  250  ft.  domi. 

Load: 

Roadway  slab  and  beams  =  1725#/ft. width, 

12  panels  of  sand  &  slab=  36400   "     " 

28125   "     " 

V«'/ft.  length  =  28125x20  -   5  62500#. 

Assume  102" butt. of  50ft. =  48000,''. 

Total  wt.  carried  oy   whole  butt.=  6105C0#, 
Thickness  of  slab  =  610500  /  6000  =  102" 
For  -vvater  pressure  thickness  is  O.K. 
Make  last  50  ft.  of  buttress  102"  thick. 
Refer  to  detail  drawing. 

Thickness  of  buttress  varies  from  IS"  at  the 
top  to  102"  at  tlie  bottom. 
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H.  Computation  of  the  exact  weight  of  dam 

to  find  position  of  the  Resultant  Pressure. 
The  follov.'ing  is  for  1  ft,  -ividth  of  dam. 
Vertical  section  through  sand  bins . 
First  20  ft; 

Floor  slab  and  beaias 

Water  slab, 2/3x144x22. 5 

Back  slab, 13/12x144x22. 5 

Sand,(28i  /  444)  20/2x100 

Total  yt.  at  20  ft.  down 


=   8350,7^ 


=  2160 
rr  3520 
-  72500 


=  86530# 


Second  20  ft: 

Weight  of  Ist,  20  ft. 

'^Vater  slab,  16. 5/12x144x22. 5 

Back  slab, 

1  hor.  slab,  14x144x43.5 

1  vert,  wall  18ilxl44 

Sand, (43.5  /  58.5)  1875/2-2700 

Total  wt.  at  40  ft.  depth 


=  86530f 

-  4450 

-  3520 
=  7610 
•Z  2700 

-  93625 

-  198435:^ 
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By  the  same  method  of  computation  as 
shovm  on  the  previous  page,  the  weight  of  the 
dam  at  various  distances  down,  was  found  to 
be  as  follows: 

Total  weight  at  60  ft. 


II  n  II       QQ    II 

n  II  II     ICO    " 

n  n  II     2.20    " 

It  It  11     140     .1 

n  II  II     iQQ    II 

11  It  U      IQQ      li 

II  n  II    200    " 

«  n  .1     220    " 

n  n  u    250    *' 

Total  weight  of  dam 

Vert.  comp.  of  water  pressure 

Total  vert,  weight 

Hor.  comp.  of  water  pressure 


=   341185//- 

-  517505 

-  724925 

-  947175 
Z  1220595 

-  1643515 

-  1979535 

-  2346955 

-  2737375 

-  3626200 

-  3626200# 

-  983C00 


-  4609200,^ 

-  1870000,-;^' 

By  graphical  methods  the  Resultant  Pressure  was 
found  to  fall  well  inside  the  middle  third  of 
the  base  of  the  dam. 


DESIGN 

OF  >l 

LULAR     HE /N FORCED     CONCRETE  DAM. 

FOFt    THE 

KENS  ICO    RESERl/O/R 

or  TH£ 

Y  YORK    CATSK/LL      ^ATER   SURRLY^ 

A    THESIS 

F/=iES£NTED     FOF{    TH£    DEGREE   OF 
B/ICHELOR     OF  science: 

/A/  C/l^/L    ENQ/NEERING 
^U3M/TTED     By 


'^Aix^v^vfy 


RAfOUR      /NSTlTUTE    OF      TECHNOLOGY 
C/t/IL      ENG/N£EFl//V6     D£F^F(TMENT 


O 

o 

Q 


lerr  m^lf     Of   f^oAowAyi 


T£MP£''''ru''e  i^ods  * 


B'TUM'NOLiS      Sf'^f^CE 


fe\      2'^"    ^'^' 


fo^ 


«  J-P'  J.   —       3 


e'-£' «  ^' 


-<5 

J  t 


PM/l/.N    PIPE    ZOO  ■    ' 


S£C7-/ON       THROUGH       C^VTCn      OF      /7^y»i7*Vy*f  V 


r£/^f£^^ri^f^E     '^oes 


BO'-O'cfft:   SC/T-r^SSSSS 


n 


SCj1i.£--  /•  e-o' 


n 


-^ 


-+-^^  ' 


—\ — [—1-1 — I — r^i-T 


lit 


i~  r  T — I — I-  T  " 


■      'f"  I      L  _1 I L 


~\ — r  T-| — r 


■  ^o^oas    b'*  r,  l' 


I  5! 


-  r  T-[ — i~i  - 


scj-ttr  - ■  y.  s-o' 


STIBRUPS  i^oMOOi  IZl- 


-•tai 


A 


DET^/LS 
N£IV      KENS/CO      O^M 


\  DESIGN 

Of  ^ 

CELLULAR     FiE/NFORC£D     CONCRETE  DAM- 

ran   the 

KENS  ICO    HESeFII/O//^ 

or   TH£ 

NEl^  YVRK    CATSH/LL      t^y^TER    SURRLV 
A    THESfS 

PJ=IE5£NTEP      FOH    TM£    0£5fi££    OF 
B/ICMELOR     OF  SCI£NC£ 
I  W  C/i^/L    £A/a/f</££fR/NtS 

^UBMITTEO     Bf 

t^^ ^ 


ABMOUfit      INSrnUTE    OF      TECHNOLOGV 
CII//L      £NCtN£EFt/N&     DEP^F(TMENT 


\ 


\ 


/N  CHZ/L    ENQINEERINQ 

^/?    /A/Jlr/Tura   of    TECHNOLoar 

CH/Gy^60      /LL. 
I//L      £N(S/NeERlN<i     DEP/iRTMENT 
/^y^Y     /320 


Cross -sECTiON    or  N£w  Kensico    O^m 


ro/?  rue 
KENS /CO    RESERi^O/Pi 

Of  THE 

NEW  YORK    C^rSH/LL      l/V^TER    SUPPtr 
A    THESfS 

Pf^ESENTeO     rOFt     TMS     OEOFtEE      OF 
IN  Ctl/tL    ENGINEERING 


ARMOUR      /A/^TITUTE     OE      TECHNOLO&r 

&HICA60       /Li.. 

CI^IL      ENGINEERING     DEPARTMENT 
M^y      132  O 


v 


V 


T      29111 
q627.8  PQ5 


Prank,  Julian 


5^^ig!L^f_a_cellular  rein« 


lui-jcea   conCrete"a5m 


T  29111  P85 

q627.8 

Armour  Institute  of  Technology 

Library 

CHICAGO,  ILL. 


FOR  USE  IN 
LIBRARY  ONLY 


